Background and objectives This study aimed to evaluate dialysis and transplant outcomes of patients with ESRD secondary to ANCA-associated vasculitis (AAV).
Introduction
ANCA-associated vasculitis (AAV) is a small vessel vasculitis, which includes granulomatosis with polyangiitis (GPA), microscopic polyangiitis (1), and Churg-Strauss angiitis (CSA) (2, 3) . The incidence of AAV has been reported to range between 4.6 and 21.8 per million population (4) (5) (6) (7) (8) , is similar between GPA (2.1-10.8 per million) and MPA (2.5-7.9 per million) (6, 7, 9) , is more common in males than females (5) , and shows a clear increase with age, peaking in those aged 65-74 years (60.1 per million). Untreated, AAV has a 1-year mortality rate of 80% (10) . After standard treatment with cyclophosphamide and steroids, the rates of ESRD and death at 5 years have been reported to be 28% and 34%, respectively (11) . In other series, ESRD has been reported to occur in 9%-20% of patients at 1 year (9, (12) (13) (14) (15) (16) .
Unfortunately, the outcomes of patients with ESRD secondary to AAV after commencement of renal replacement therapy (RRT) have been subject to limited investigation. A recent report by the Glomerular Disease Collaborative Network included 136 patients with ESRD secondary to AAV, but subsequently excluded 43 patients who had no clinical information after starting dialysis (17) . The other limitations of this study, as reported by the authors, included retrospective Birmingham Vasculitis Activity Scoring, incomplete data on the causes of death, and incomplete reporting of serious infections. Other studies have similarly been limited by small patient numbers and sparse clinical information (18) (19) (20) (21) .
The aim of this study was to evaluate dialysis patient survival, renal function recovery, renal allograft survival, and renal transplant patient survival in patients with ESRD secondary to MPA or GPA in the Australian and New Zealand dialysis populations, using data from the Australia and New Zealand Dialysis and Transplant (ANZDATA) registry.
1996 and December 31, 2010 were included in the study. ANZDATA collects data on patients whose ESRD is considered irreversible by the attending nephrologist, rather than representing AKI. Demographic and clinical data were collected throughout the calendar year by medical and nursing staff in each renal unit and submitted every 6 months to the ANZDATA Registry until 2005 and then annually thereafter. Patients with a primary renal diagnosis of GPA (Wegener's granulomatosis) or MPA (1) comprised the AAV group in this study, and were compared with each other and with the remainder of the cohort (non-AAV group). Recorded primary renal diagnosis (MPA, GPA, or other) was determined by each patient's attending nephrologist based on clinical picture, laboratory investigations, and/or renal biopsy. Dialysis and transplant eras were determined by the following dialysis and transplant commencement dates, respectively: Janu- The primary outcomes examined were patient survival on dialysis (censored for renal function recovery, loss to follow-up, renal transplantation, and end of study), renal transplant patient survival (censored for loss to follow-up and end of study), and renal allograft survival in which death with a functioning allograft was treated as an event (censored for loss to follow-up and end of study). Recovery of dialysis-independent renal function was considered to have occurred if the treating renal unit had recorded that the patient had recovered renal function and completed dialysis therapy. The onset of recovery was defined as the date of the last dialysis treatment. In order to avoid including patients with renal recovery due to AKI (non-ESRD), only patients remaining on dialysis for .90 days were evaluated in the renal recovery analyses.
Statistical Analyses
Results were expressed as frequencies and percentages for categorical variables, mean 6 SD for continuous normally distributed variables, and median (interquartile range [IQR] ) for continuous variables that were not normally distributed. ESRD patients with GPA, MPA, or without AAV were compared using chi-squared tests, one-way ANOVA, or Kruskal-Wallis H tests, depending on data distribution. Time-to-event analyses of patients with MPA, GPA, and non-AAV ESRD were evaluated by Kaplan-Meier and multivariable Cox proportional hazards survival analyses. In light of the possibility of informative censoring due to differential rates of transplantation or renal recovery between patients with MPA, GPA, and non-AAV, multivariable competing-risks regression was additionally performed for analysis of dialysis survival (22, 23) . For the outcome of renal recovery, death on dialysis and renal transplantation were analyzed as competing events. The covariates included in the multivariable Cox or competing-risks models were age, sex, racial origin, ESRD cause, body mass index (BMI), smoking status (never, former, or current), comorbidities (chronic lung disease, cerebrovascular disease, ischemic heart disease, diabetes mellitus, and peripheral vascular disease), late referral (defined as commencement of dialysis within 3 months of referral to a nephrologist), and dialysis era or transplant era (as well as donor type [living or deceased] and time from dialysis commencement to renal transplantation for renal transplant analyses). For the reported comorbidities, which represented clinical diagnoses by the patients' attending nephrologists, we included "suspected" with "yes" for analyses. Dialysis survival analyses were also performed within AAV patients alone (MPA versus GPA). First-order interaction terms were examined between primary disease (GPA, MPA, or non-AAV) and all other significant covariates in all Cox proportional hazards model. Statistical analysis was performed using the PASW Statistics for Windows release 18.0 (SPSS Inc., North Sydney, Australia) and Stata/SE version 12.0 (StataCorp, College Station, TX) software packages. P values ,0.05 were considered statistically significant.
Results

Patient Characteristics
Between January 1, 1996 and December 31, 2010, 36,884 individuals started RRT for ESRD. Of these, 221 patients (0.6%) had ESRD secondary to GPA and 228 (0.6%) had ESRD secondary to MPA. The baseline characteristics of ESRD patients with MPA, GPA, and non-AAV are displayed in Table 1 . There were no significant differences in baseline characteristics between MPA and GPA patients, except that MPA patients were more likely to be former or current smokers (P=0.02).
Patient Survival on Dialysis
A total of 35,253 non-AAV, 224 MPA, and 219 GPA patients initiated RRT by dialysis. The first-year survival rates were 88% (n=3990 deaths), 89% (n=22 deaths), and 84% (n=33 deaths), respectively (P=0.93). Excluding patients who were on dialysis ,90 days (GPA, n=23; MPA, n=16; non-AAV, n=2185), the median survival of patients with MPA (5.24 years; 95% confidence interval [95% CI], 4.58-5.90 years) was comparable with that of GPA patients on dialysis (6.11 years; 95% CI, 5.25-6.97 years; P=0.35) and patients with other causes of ESRD (5.79 years; 95% CI, 5.71-5.86 years; P=0.65) (Figure 1 ). Respective survival rates in the three groups were 92%, 89%, and 91% at 1 year; 70%, 67%, and 67% at 3 years; and 46%, 50%, and 47% at 5 years. Using multivariable Cox proportional hazards model analysis, neither MPA (adjusted hazard ratio [HR], 0.98; 95% CI, 0.80-1.20; P=0.80) nor GPA (HR, 0.93; 95% CI, 0.75-1.15; P=0.51) was independently associated with patient survival on dialysis compared with non-AAV patients after adjusting for other confounding factors. When renal transplant and renal function recovery were considered as competing risks in multivariable competing-risks regression, neither MPA (HR, 0.89; 95% CI, 0.73-1.08; P=0.24) nor GPA (HR, 0.94; 95% CI, 0.74-1.19; P=0.62) was associated with dialysis mortality compared with non-AAV patients.
When only patients with AAV were considered, multivariable Cox proportional hazards model analysis showed that patients with MPA experienced comparable survival on dialysis compared with patients with GPA (HR, 1.01; The causes of dialysis death among MPA (n=96), GPA (n=85), and non-AAV patients (n=15,233) were generally comparable, except for a higher probability of dialysis withdrawal in MPA patients, as follows: cardiac (15%, 17%, and 19%, respectively; P=0.56), infectious (6%, 8%, and 6%; P=0.54), vascular (8%, 6%, and 6%; P=0.39), dialysis withdrawal (9%, 3%, and 4%; P=0.04), malignancy (6%, 3%, and 3%; P=0.07), and other (1%, 3%, and 3%; P=0.59).
Recovery of Renal Function
In dialysis patients remaining on dialysis .90 days (GPA, n=196; MPA, n=208), recovery of dialysis-independent renal function occurred in 10 MPA patients (5%) and 6 GPA patients (3%). Compared with patients with GPA, patients with MPA had a comparable renal function recovery rate (HR, 1.61; 95% CI, 0.59-4.41; P=0.36). The median times from initiation of dialysis to renal recovery were 0.87 years (IQR, 0.34-1.11) for MPA patients and 1.54 years (IQR, 0.68-4.40) for GPA patients. Three GPA patients (50%) and two MPA patients (20%) never returned to RRT by the end of study on December 31, 2010. One MPA patient (10%) and one GPA patient (17%) died after recovery of renal function after 1.75 and 4.09 years, respectively. Seven MPA patients (70%) and two GPA patients (33%) returned to dialysis after median periods of 0.95 years (IQR, 0.37-2.67) and 0.95 years (IQR, 0.27-1.63), respectively.
Renal Transplant Graft Survival
Forty-six MPA patients (21%) and 47 GPA patients (20%) received 98 renal allografts during the study period compared with 8193 non-AAV ESRD patients (22%) who received 8453 renal allografts. The baseline characteristics of the three groups are shown in Table 2 and were generally similar. There were no significant differences in baseline characteristics between MPA and GPA patients except that MPA patients were older than GPA patients (P=0.05).
A total of 1524 first grafts in the non-AAV group (19%) and 21 in the AAV group (23%) failed during the study period, either as a result of loss of function or patient death. Figure 2 shows the Kaplan-Meier curve for first graft survival. Graft survival in MPA patients was significantly lower than non-AAV patients (P=0.01) and tended to be worse than GPA patients (P=0.06). Multivariable Cox proportional hazards model analysis showed that MPA transplant patients had a higher risk of graft failure compared with non-AAV patients (HR, 1.87; 95% CI, 1.07-3.25; P=0.03), whereas GPA patients did not (HR, 0.91; 95% CI, 0.43-1.93; P=0.81) after adjusting for age, sex, racial origin, BMI, smoking status, comorbidities status, late referral, transplant era, donor type, and time from dialysis commencement to renal transplantation The respective 5-year graft survival rates in MPA, GPA, and non-AAV patients were 82%, 96%, 85%, whereas 10-year graft survival rates were 50%, 62%, and 70%, respectively.
There was no significant difference in the causes of renal allograft failure between the AAV (n=10) and non-AAV groups (n=1002). The causes of renal allograft failure were chronic allograft nephropathy (50% versus 45%, respectively), acute rejection (0% versus 6%), hyperacute rejection (0% versus 1%), renal artery thrombosis (10% versus 5%), renal vein thrombosis (20% versus 5%), GN (10% versus 8%), and other (10% versus 30%) (P=0.45). Two allografts (2%) in the AAV group experienced recurrence of original disease. One patient with GPA experienced GPA recurrence Data are presented as mean 6 SD, n (%), or median (range). ATSI, Aboriginal and Torres Strait Islander; MPI, Maori and Pacific Islander; BMI, body mass index; RRT, renal replacement therapy.
in the allograft 6.65 years after transplantation resulting in allograft failure 7.76 years after transplantation. One patient with MPA experienced MPA recurrence 4.79 years after transplantation but still had a functional allograft 7.46 years after transplantation, as of December 31, 2010.
Renal Transplant Patient Survival
MPA patient survival after renal transplantation was significantly inferior to that of GPA patients (P=0.04) and non-AAV patients (P=0.003) (Figure 3 ). Multivariable Cox proportional hazards model analysis showed that MPA transplant patients had a significantly higher risk of death compared with non-AAV patients (HR, 1.94; 95% CI, 1.02-3.69; P=0.04), whereas GPA transplant patients did not (HR, 0.58; 95% CI, 0.23-2.27; P=0.58) after adjusting for age, sex, racial origin, BMI, smoking status, comorbidities, late referral, transplant era, donor type, and time from dialysis commencement to renal transplantation. The respective 5-year renal transplant patient survival rates in MPA, GPA, and non-AAV were 82%, 96%, and 92%, whereas the 10-year rates were 68%, 85%, and 83%, respectively.
The causes of death in the MPA (n=10), GPA (n=3), and non-AAV groups (n=825) were generally comparable, except for a significantly higher proportion of cardiac and malignant deaths in the MPA group, as follows: cardiac (11%, 2%, and 3%; P=0.001), vascular (2%, 0%, and 1%; P=0.50), infectious (0%, 2%, and 2%; P=0.61), withdrawal (2%, 0%, and 1%; P=0.50), malignancy (7%, 0%, and 2%; P=0.03), and other (0% 2% and 1%; P=0.55).
Discussion
This study is the largest multicenter investigation to date looking at the outcomes of patients with ESRD secondary to AAV. Our study observed that, compared with ESRD patients without AAV, those with MPA had a comparable dialysis outcome but lower renal allograft survival and postrenal transplant patient survival, whereas those with GPA had comparable dialysis and renal transplant outcomes. Furthermore, MPA patients had lower post-transplant survival than GPA patients.
The observed 1-year, 3-year, and 5-year survival rates of dialysis patients with MPA (92%, 70%, and 46%, respectively) or GPA (89%, 67%, and 50%) in this study were comparable with or superior to what has been reported in previous studies (16) (17) (18) . In a retrospective, single-center, observational cohort study of 59 patients with ESRD secondary to AAV (GPA, n=23; MPA, n=33; CSA, n=3), actuarial survival rates at 1 and 5 years were 82% and 59%, respectively (16) . Moreover, similar to our study, no significant difference was observed between the dialysis survival of patients with MPA and those with GPA (P=0.13). However, the small sample size limited the precision of survival estimates and the single-center design limited generalizability. A larger inception cohort study of AAV patients, which included 93 AAV patients with ESRD, reported 1-year and 5-year survival rates of 77% and 28%, respectively (17) . However, neither of the aforementioned studies reported outcomes compared with ESRD controls. This issue was addressed by an earlier multicenter, retrospective study of 191 patients with ESRD secondary to vasculitis (polyarteritis nodosa [PAN], n=60; GPA, n=131), which observed 33-month survival rates of 62% in PAN patients and 58% in GPA patients, comparable with that of the nondiabetic control population (18) . However, in contrast to our study in which recovery occurred in 5% of MPA, 3% of GPA, and 1.5% of non-AAV patients, this event was observed in 10% of PAN and 6% of GPA patients (control data were not provided). The apparent disparity in results may relate to differences in the stringency of the definition of ESRD between the two groups, such that more cases of AKI may have been included in the latter study. Moreover, the earlier study was published before the Chapel Hill Consensus on nomenclature of systemic vasculitis (3), such that the PAN group included classic PAN (with aneurysmal inflammation of mediumsized and small arteries) in addition to MPA.
In this study, renal transplant graft survival in GPA patients was comparable with non-AAV patients but superior to MPA patients. In contrast, the Collaborative Transplant group reported that the 10-year survival of 378 GPA patients who received deceased donor renal transplants was superior compared with that in 14,482 polycystic kidney disease patients (80% versus 70.9%, respectively; P,0.05) (24). Shen et al. similarly reported superior graft survival (adjusted HR, 0.711), patient survival (adjusted HR, 0.631), and functional graft survival (adjusted HR, 0.625) in 919 GPA ESRD renal transplant recipients compared with ESRD renal transplant recipients from other causes (1). However, in this study, the GPA cohort had a higher percentage of Caucasians, lower panel-reactive antibody levels, fewer HLA-D-related mismatches, and more living donors. Most importantly, the GPA cohort had a significantly lower proportion of patients with diabetes mellitus. When adjusted for recipient diabetes status, patient and graft survival were similar between the two groups. However, it should be noted that the numbers of patients with MPA and GPA who received renal transplants in this study were relatively small, which made it difficult to conclude with certainty that the graft survival in these two groups was actually different.
The strengths of this study included its very large sample size and inclusiveness. We included all patients with AAV receiving RRT in Australia and New Zealand during the study period, such that a variety of centers were included with varying approaches to the treatment of AAV and ESRD. This greatly enhanced the external validity of our findings. These strengths should be balanced against the study's limitations, which included limited depth of data collection. ANZDATA does not collect important information, such as ANCA profile, detailed renal biopsy results, onset of AAV, date of disease remission, severity of comorbidities, patient compliance, and individual unit management protocols (including plasma exchange and immunosuppressive therapy). Even though we adjusted for a large number of patient characteristics, the possibility of residual confounding could not be excluded. It is also possible that some of the patients considered to have 
